The effect of NP fertilization on European blueberry (Vaccinium myrtillus L.) development on cultivated land in mid-Norway. by Nestby, Rolf et al.
Journal of Berry Research 4 (2014) 147–157
DOI:10.3233/JBR-140077
IOS Press
147
The effect of NP fertilization on European
blueberry (Vaccinium myrtillus L.)
development on cultivated land in
mid-Norway
R. Nestbya,∗, T. Krogstadb, E. Jonera and M. Vohnı´kc,d
aNorwegian Institute for Agricultural and Environmental Research (Bioforsk), A˚s, Norway
bUniversity of Life Sciences, Department of Environmental Sciences, A˚s, Norway
cDepartment of Mycorrhizal Symbioses, Institute of Botany ASCR, Pru˚honice, Czech Republic
dDepartment of Experimental Plant Biology, Faculty of Science, Charles University in Prague, Prague,
Czech Republic
Received 7 April 2014; accepted 12 May 2014
Abstract.
BACKGROUND: European blueberry (Vaccinium myrtillus L.; EB) is one of the most common shrubs in Nordic forests. It has
been exploited through centuries by man and is considered a valuable food. However, it has not been domesticated and all EB fruit
is harvested from forest fields. The investigations reported here were undertaken to examine the possibility of EB domestication.
OBJECTIVE: With the aid of knowledge achieved through examinations of EB in natural forests and in cultivated fields of
lowbush blueberry, the following trials were started to examine if EB could be grown on rich farmland by adaption of fertilization
and addition of natural peat as mulch; and by planting EB mats from a forest field and EB seedlings in a strip of top soil (O-layer)
from the same field, with the aim to introduce ericoid mycorrhizal (ErM) fungi.
METHOD: The experiments were performed as two field trials (A and B) on agricultural land. Trial A was a block design with
four replications, examining the effect on plant growth of nine randomly broadcasted fertilization levels combining nitrogen and
phosphorus on fresh planted EB seedlings. In addition, two out of four blocks were randomly mulched with natural peat. Trial B
was a split-plot design with three blocks. Each block consisted of two large plots and each large plot contained two small plots.
Two fertilization levels were randomly broadcasted in large plots, and two plant types [small plug seedlings propagated in sparsely
fertilized peat; and mats of (30 × 20) cm2 from a nearby forest field existing of O-layer and some of the E-layer (wash out soil
layer)] were randomly planted in small plots. Seedling plants of trial B (similar plants as in Trial A) were planted in shallow
furrows filled with forest soil. Fertilization were N0P0 (control; no fertilizer), and N1P1 (fertilized similar to a medium treatment
of trial A). The seedling plants were in a juvenile phase in the year of planting, but the first fruits were observed in the third field
year. This indicate that the plants had entered the generative phase.
RESULTS: In trial A fertilization increased spatial growth of EB plants and fruit number. However, P alone did not have any
significant effect since the level in the soil was high already before establishing the experimental field. Fertilizing with N alone
was most effective in terms of spatial growth and fruit number. However, when P fertilizer was applied together with N fertilizer,
plant growth and fruit number increased more than when N was applied alone. Fertilization also increased levels of P and S in
the soil. Top-dressing had positive effect on growth in the non-fertilized plots. Fertilization of top-dressed plots resulted in poorer
plant growth except for N alone and strongest combined fertilization, and there was no clear effect on fruit number. In plots that
were not fertilized top-dressing increased total amount of C, N, Ca and Mg. In trial B mycorrhiza was present in all plots and
probably influenced the uptake of nutrients by EB. It is of interest that some of the observed ericoid mycorrhiza was apparently
formed by basidiomycetous hyphae.
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CONCLUSIONS: EB grown on agricultural land, were juvenile seedlings in trial A, was strongly influenced by NP fertilization.
Fertilization with N gave stronger growth than fertilization with P; however, plants fertilized with P grew better than control. Also,
fertilization had positive influence on fruit number, either fertilizing with N alone or in combination with P. Top-dressing with
natural peat had positive influence on spatial growth, but no clear effect on fruit number. In trial B ericoid mycorrhizal colonization
was present in all treatments in both seedlings (juvenile phase) and established plants in mats (generative phase), and it probably
influenced uptake of nutrients. It could be suggested that growing EB on cultivated land is possible, but preferably on a more acid
soil than in these trials.
Keywords: Soil, nitrogen, phosphorous, mycorrhiza, plant type
1. Introduction
European blueberry (EB) ground vegetation is the most widespread vegetation type in Norwegian coniferous forest
[5], covering nearly 35% of the productive forest area [11]. For proper growth and development, Vaccinium species
demand relatively low soil pH and good drainage. Studies of natural vegetation suggest that the best EB yield could
be obtained in a mature pine-dominated stand, which is not too dense as the amount of light which reaches the ground
is important [7]. Fertile locations are more favorable than poor locations; some studies have shown that forests of
medium fertility produce the largest EB yields in the boreal zone. It was also found that N and P fertilization over
four years in forest fields of EB increased shoot growth, but had generally neutral or negative effect on fruit yield
depending on the NP level [14]. EB have a shallow and weakly developed root system, but the biomass of rhizomes
and roots may be of a similar volume as the above ground part. Older rhizomes usually occur at the boundary with
the mineral soil, while younger rhizomes are more superficial with roots usually found in the upper part of the
O-horizon of podzolic soils. The humus properties therefore, appear to be of a great importance for EB vegetation.
However, roots from older rhizomes may be exceedingly tortuous, descending more than 45 cm into the mineral
soil [3]. The low pH of the natural growth substrate causes low availability of nutrients for plants. However, N and
P deficiency symptoms have not often been reported for Vaccinium species of natural vegetation even if they are
high yielding. This is mainly due to the ericoid mycorrhizal (ErM) symbiosis between EB roots and ErM fungi.
Ericoid mycorrhiza provides access to N and P sources that would be otherwise not available to plant roots alone;
under natural conditions, the capacity to provide nutrients and protect host plants against metal toxicity and other
abiotic stresses is indispensable for proper growth of most Ericaceae [12, 16]. ErM fungal colonization is limited to
rhizodermal cells of the delicate hair roots which are characteristic for Ericaceae.
However, growth-limiting conditions are usually not prevalent on cultivated land where pH is typically higher
than 5.5 and therefore, must be lowered to improve growth conditions for successful EB cultivation. This can be
achieved by several means but application of sulfur and acid-forming fertilizers are the most common [1, 24]. Adding
of organic material as mulch is also frequently used, and may improve growth and yield [2, 13, 23]. The effect of
fertilizers containing one element or several elements combined, have frequently been examined in lowbush blueberry
(Vaccinium angustifolium Aiton) and show that both foliar and soil application of fertilizer may be beneficial, both
alone and combined. Positive effects were obtained by fertilization with N, P, Ca, B and Zn (diammoniumphosphate
seems to be a particularly suitable source of N and P), but application of potassium (K) is also reported to have
a negative effect [8, 15, 22]. Studies of EB in Norway spruce forests showed that the amount of remobilized N
depended on the level of N reserves, and on number of initial buds that produced shoots. Nitrogen remobilization
and the growth response to N supply were closely linked to the pattern of bud activation [6]. In areas with high N
deposition, EB was less frequent, less abundant and more susceptible to the leaf pathogen Valdensia heterodoxa than
in areas with lower levels of N deposition [25]. It is plausible that EB reacts to pH and fertilization similarly as the
lowbush blueberry.
Despite that blueberry plantations typically obtain high nutrient inputs in a form of mineral fertilizers which
attenuate the positive effects of mycorrhizal symbioses on host nutrition, cultivated Vaccinium species nevertheless
commonly possess ErM symbiosis. The levels, however, vary with plantation age, soil nutrient content and Vaccinium
cultivars [17, 19, 20]. Several authors attempted artificial inoculation of blueberries with selected strains of ericoid
mycorrhizal fungi [18, 21], but this did not always lead to an increased growth and/or fruit production. Positive results
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may be obtained when mineral fertilizers are substituted by organic matter input [26], but even then the effect of soil
saprotrophic fungi decomposing the introduced organic matter on blueberry growth and fruiting may be higher than
that of true ErM fungi [28].
With the aid of knowledge achieved through examinations in natural forest with EB and cultivated fields of
lowbush blueberry, the following trials were started to examine if EB could be grown on rich farmland by adaption of
fertilization, addition of natural peat as mulch and by introducing EB mats or forest soil to possibly introduce EmR
fungi.
2. Materials and methods
2.1. Soil and plant material
The experiments were undertaken on farmland in Central Norway, at Bioforsk Grassland and Landscape division
(N63◦ 47′; E10◦ 92′; 38 m above sea level). The soil was a well- drained silt loam with high amount of organic
material in the plough layer (0–23 cm) with pH 5.9. The mineral content was 26, 53 and 21% of sand, silt and
clay, respectively. Before the start of the experiments it was necessary to lower pH, and a 10 cm layer of natural
peat was rotated into the soil. This lowered pH to 4.8 which increased to 5.3 during the course of the experiments
(2008–2011). pH was measured in a deionized water to soil ratio (v/v) of 2.5 [9]. Total C and N were analyzed by a
high temperature resistance furnace method by using the instrument LECO CHN-1000. Soil mineral nutrients were
analyzed before peat was added using the Al-method, which is an extraction using ammonium lactate solution with
a pH of 3,75 (P-AL 158, K-AL 62, Mg-AL 141 and Ca-AL 2910 mg kg−1 of soil) [9]. In the end of the experiments
in September 2011 the soil was sampled in the same way as in 2008, but in addition the AL extracts were analyzed
for sulfur. The values for the mineral nutrients were, in average of all plots, P-AL 223, K-AL 65, Mg-AL 282 and
Ca-AL 3092. All nutrients were analyzed by use of ICP-OES. EB plants were either seedlings originating from seeds
of a nearby natural population, or clones (intact mats of 30 × 20 cm) from a nearby location of similar altitude. The
mats consisted of rhizomes, organic material and some mineral soil from the wash out layer. The seeds were sawn in
March 2008 in natural peat in trays and pricked off into pots (diam. 8 cm) in May 2008. They were planted on beds
in agricultural soil in July 2008 and had normally one shoot of approx. 5 cm in length. The clones were planted at
the same date.
2.2. Experimental designs
2.2.1. Trial A — fertilization
This trial was randomized block with four replications. The plots were on 20 cm high and 65 cm wide ridges with
120 cm between the middles of ridges, and each plot was planted with seedlings randomly selected from a large
population. There were two plant rows 20 cm apart on the ridge and seedlings in one row were planted alternate to
seedlings in the neighbor row with a plant space of 11.5 cm. Each plot included 25 plants one the ridge covering
(150 × 65) cm2. Treatments were fertilization and mulching. Mulching was undertaken each spring by adding a 2 cm
layer of natural peat on the beds (top-dressing) in two out of four replications randomly selected, leaving the two other
replications as control. Nine fertilization levels were randomly broadcasted by hand in plots within each replication
(Table 1). Fertilizers used were ammonium sulfate (21-0-0) (NH4SO4, SSAB Merox AB, Sweden) and Yara OPTI
PTM (0-8-0) (Yara Norge AS, Norway). They were used because of their potential to reduce the pH level, and they
were combined to achieve combinations of N and P according to the plan. The fertilizer was added with half the
amount given in Table 1 first of June and similarly first of August each year of the experimental period. However, in
2008 the season was much shorter and half amount was added in August three weeks after planting (11 July).
Plant growth was measured in 2009, 2010 and 2011. Growth of each plant in the plot was obtained by calculating
spatial occupation of plant crown by measuring plant width, length and height in cm of one decimal accuracy.
Soil samples for estimations of pH and mineral nutrients were sampled when the trial terminated in September
2011. Samples were taken by a hand bore 20 cm deep with 10 samples per plot. The soil samples were air dried
before they were transported to ‘Norwegian University of Life Sciences’ (NMBU), Department for environmental
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Table 1
Fertilization treatment (2008–2011) of trial A. Annual application of full growing seasons at Stjørdal, Norway
Treatment Fertilizer in kg–ha−1
Nitrogen (N) Phosphorus (P)
N0P0 0 0
N1P0 17.5 0
N2P0 35.0 0
N0P1 0 15.0
N0P2 0 30.0
N1P1 17.5 15.0
N1P2 17.5 30.0
N2P1 35.0 15.0
N2P2 35.0 30.0
Sciences, for analyses. The field was covered with AgroCover (Rovero, the Netherlands) to protect the small plants
in the two first winters against freezing. It was irrigated in the growing season when necessary, using drip-irrigation.
Weeds were periodically removed by hand. However, in spring and autumn of the last two experimental years, half
dose of Gallery (DOW™, USA) was used to prevent weed germination using recommendations of strawberry. It was
not sprayed against diseases or pests.
2.2.2. Trial B — mycorrhiza
The experiment was set up in the same field as Experiment A and the cultivation practice was identical. The
experimental design was split-plot with three replications. The treatments were I) fertilization (N0P0 = 0 kg N and
0 kg P ha−1, and N1P1 = 35 kg N and 30 kg P ha−1) broadcasted randomly on large plots, and II) plant type (seedlings
planted in a 5 cm wide and deep strip of forest soil along each row with 25 plants per plot, and mats, three per plot;
randomly distributed on small plots).
For estimation of fungal root colonization, EB rhizomes with roots were dug up when the trial was terminated in
September 2011, and root samples of ca. 0.2–0.5 g (FW) from five plants per plot were washed free of the adhering
soil, mixed to make a compound sample, cleared with 10% KOH 20 minutes at 121◦C, acidified 1 minute in 3% HCl
and stained with trypan blue (0.05% solution in lactoglycerol) overnight at room temperature. The stained EB hair
roots were examined for presence and extent of fungal colonization (ericoid mycorrhiza, dark septate endophytes;
[27]); using an Olympus BX60 microscope equipped with DIC. Root samples were screened at 400× and 1000×
magnification and the fungal colonization was estimated after screening 50 fields of view per each compound sample.
Spatial growth was calculated as cubic cm after measuring length, width and height of the crown of single plants
or mats. To make the comparison between the two plant types comparable the spatial occupation of the plants were
calculated to liters per square meter.
3. Results and discussion
3.1. Trial A
3.1.1. Effects of fertilization on spatial plant growth and fruit number
Fertilization influenced plant growth strongly. Control plants (N0P0) grew lesser as a sum of years (2011) than any
other treatment in plots not top-dressed; when top-dressed control and N0P2 grew lesser than all other top-dressed
treatments, demonstrating that NP fertilization at most levels used in this trial improved spatial growth (Table 2).
This is visualized in Fig. 1 where control plants at the lower right have poorer growth than the other three treatments
shown.
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Fig. 1. Effect of fertilization on size of EB seedling-plants after three growth seasons. The row behind is N0P1 to the left and N2P1 to the right,
the front row is N2P0 and N0P0 (control), respectively left and right. Photos are taken 15 March 2012 in Stjørdal, Norway. Photo: Rolf Nestby
However, the experiments revealed different growth reactions caused by N (nitrogen) and P (phosphorus). In 2009
sole P-fertilization (N0P1 and N0P2) gave similar or poorer shoot growth than control, and top-dressing did not alter
that. The rhizome and root growth was not examined. The poor or none effect of P is not surprising considering the
high level (158 mg P kg−1) in soil previous to planting. A level higher than 150 mg P kg−1 is classified as very high
in cultivated soil [9]. At termination of the trial in the autumn of 2011 the average of all plots was 223 mg P kg−1. In
spite of the high P level in soil, plants in 2010 fertilized with only P had better growth than control. The final year,
which is the result of three years of full fertilization and one year of half level of fertilizer, demonstrate that when no
top-dressing was added, fertilization with P alone increased the growth strongly compared with control, especially
at lowest P-level.
Top-dressing changed this picture and initiated growth of control plants at termination of the trial in between the
effects of the two P levels, and obviously improved the long term growing conditions by more than doubling the
growth compared to no top-dressing of control (Table 2). It could be suggested that the soil top layer, which became
thicker throughout the years, became a better growth medium for EB. This is in agreement with general findings in
Vaccinium showing improvement of plant development and yield following mulching with organic material [2, 4,
11, 23]. However, combining NP fertilization or using P fertilizer alone together with top-dressing, did not increase
growth or reduced it (except for N2P2) compared with no top-dressing. N alone was in contradiction favorable
combined with top-dressing by improving growth compared to no top-dressing. This indicate that plants did not
benefit from combining P alone and top-dressing, in spite of increase in soil P at termination of the trial, suggesting
that P availability was higher than optimum (Fig. 2; P = 0.05).
Effect of N on plant growth was relatively stronger than of P, and highest N-level (N2P0) initiated stronger growth
than the lowest level, and stronger growth than any level of P alone in any year, except for N0P1 in 2011 compared
with N1P0 without top-dressing (Table 2).
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Table 2
Effect in three years on spatial growth (cm3) of NP fertilization and top-dressing (Td) of EB (V. myrtillus L.) growing in mineral soil on
cultivated land in Stjørdal, Norway
NP 2009 2010 2011
Td No Td Td No Td Td No Td
N0P0 240.6 243.7 887.8 805.1 4263.4 2385.3
N1P0 395.8 525.5 1801.9 1531.3 4975.9 3748.9
N2P0 870.2 981.2 3488.7 2225.6 7435.7 5056.9
N0P1 159.6 212.0 1082.5 1394.6 4864.8 4556.5
N0P2 223.1 282.8 1209.7 1810.4 3850.5 3538.8
N1P1 431.3 679.5 2358.0 2831.2 6779.1 8044.9
N1P2 505.1 958.9 2577.6 3014.2 6535.5 7510.9
N2P1 381.0 995.8 1862.5 3568.6 5217.6 7645.0
N2P2 878.1 487.6 3719.2 1536.0 8616.6 4191.5
Mean 453.9 596.3 2109.8 2079.7 5837.7 5186.5
SeNP 27.9∗∗∗ 27.9∗∗∗ 125.2∗∗∗ 125.2∗∗∗ 278.0∗∗∗ 278.0∗∗∗
SeTd 83.6∗∗∗ 375.5ns 834.0ns
Ns,∗,∗∗,∗∗∗are not significant, significant on the 5% level, 1% level and 0.1% level, respectively.
Fig. 2. Effect of NP fertilization and top-dressing (Td = dressing, NTd = no dressing) in EB grown in mineral soil on soil P-level in Stjørdal,
Norway in 2011. Bar is standard error valid for all comparisons.
Treatments without top-dressing of combined N and P fertilizers gave better growth than single application of
fertilizers and control. Except for the strongest fertilization (N2P2) that resulted in growth on level with or lower
than any single application of fertilizer, which was a result of poor growth in each of the experimental years. There
was one exception in 2009 when N2P0 had similar growth as N1P2 and N2P1 (Table 2). However, plants grown in
top-dressed soil behaved different and grew less than plants on not top-dressed soil, except for control, N alone and
N2P2 which resulted in the strongest growth of the trial.
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Fig. 3. Effect of top-dressing on total -C, -N, -Ca and -Mg in control plots of cultivated land in Stjørdal, Norway 2011.
Table 3
Influence of NP fertilizer treatment (NP) on levels of pH, total C (%), total N (%) and macro nutrients (mg kg−1 soil), as average of top-dressing
treatments in soil of an EB field on agricultural land, after final termination of experiments September 2011, in Stjørdal, Norway
NP pH C N Ca K Mg
N0P0 5.76 9.9 0.52 3119 57.3 322
N1P0 5.39 11.2 0.57 2925 62.7 300
N2P0 5.21 10.7 0.55 2718 61.5 254
N0P1 5.49 10.6 0.55 3153 60.9 316
N0P2 5.47 9.1 0.47 3366 68.4 284
N1P1 5.33 10.4 0.53 3309 65.4 288
N1P2 5.22 10.7 0.54 3373 59.7 287
N2P1 5.00 9.9 0.53 2739 66.4 231
N2P2 4.98 8.4 0.46 3135 71.6 204
Mean 5.32 10.1 0.53 3137 63.8 223
Se 0.10∗∗∗ 3.1ns 0.07ns 183ns 4.4ns 47ns
Ns,∗,∗∗,∗∗∗ are not significant, significant on 5%, 1% and 0.1% levels, respectively.
3.1.2. Effects of fertilization on soil parameters
Soil analyses indicated that level of soil P increased as a result of P- fertilization, and that top-dressing reduced
the level except for P combined with the lowest N-level, indicating significant interaction between N and P level and
top-dressing on soil P (Fig. 2).
Top-dressing had influence of levels of total carbon (C), total nitrogen (N), calcium (Ca) and magnesium (Mn)
(Fig. 3) of control treatment. In all cases levels were higher in top-dressed soils than without top-dressing. There
were no significant effects on levels of C, N, Ca, K and Mg in soil at termination of the trial as a result of fertilization
(Table 3).
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Fig. 4. Effect of NP-fertilization and top-dressing (Td = dressing, NTd = no dressing) in EB on cultivated land, on levels of soil-sulfur (S) at
Stjørdal, Norway in 2011. The bar is a valid standard error for all comparisons.
Fertilization reduced pH level strongly (Table 3) and pH was negatively correlated with soil S (sulfur), which
increased with fertilization but not with top-dressing alone (Fig. 4, p = <0.0001). This is in agreement with findings
that suggest the use of S and acid-forming fertilizers to lower pH [1, 24].
3.1.3. Effects of fertilization on fruit number
The plants were planted as first year seedlings and they developed no fruits in the planting year and the year after
because they were in the juvenile phase. However, in 2010 at least some of the plants had entered the generative phase
and developed fruits and even more in 2011. However, berries were foraged by birds in 2011 before we were able to
count their amount. Fertilization had influence on fruit number in 2010 but there was no clear effect of top-dressing
(Table 4). Control and the two treatments using P alone gave fewer fruits than the other treatments. Combining N
and P generally resulted in the highest numbers of fruits. However, N2P2 without top-dressing resulted in no more
fruits than N alone.
3.2. Trial B
3.2.1. Presence of mycorrhiza
Spatial growth of both seedlings and mats increased as an average of three years of fertilization. However, differ-
ences within a single year were generally not significant except for the mat culture in 2009 (Table 5). There were no
interactions between year and fertilization or between plant type and fertilization.
Fertilization had influence on plant survival and more plants in the seedling culture had died at the end of
the last experimental year as a result of fertilization. The mat culture was more robust and no plants died
(Table 6).
All screened hair roots contained at least some fungal colonization (Table 7). In the screened hair roots we detected
ericoid mycorrhiza, dark septate endophytic (DSE) association and the recently described basidiomycetous sheated
ericoid mycorrhiza [28]. These types were often present together in one root sample and ericoid mycorrhizal and
DSE hyphae were often intermingled.
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Table 4
Effect of NP fertilization and top-dressing (Td) on fruit number per plant in EB (Vaccinium myrtillus L.), grown on cultivated land in Stjørdal,
Norway in 2010
NP Fruit number
Td nTd
N0P0 0.23 0
N1P0 0.39 0.24
N2P0 0.39 0.53
N0P1 0.06 0
N0P2 0.08 0.03
N1P1 0.52 0.71
N1P2 0.97 0.51
N2P1 0.63 0.64
N2P2 1.24 0.30
Mean 0.50 0.33
SeNP 0.09∗∗ 0.09∗∗
SeTd 0.27ns
Ns,∗,∗∗,∗∗∗are not significant, significant on 5%, 1% and 0.1% levels, respectively.
Table 5
Effect in three years on spatial growth in liter m−2 of fertilization and plant type of EB (V. myrtillus L.) in Stjørdal Norway
Fertilization N-P 2009 2010 2011 Mean
Seedling Mat Seedling Mat Seedling Mat Seedling Mat
N0P0 4.05 69.77 16.49 88.93 68.83 125.05 29.79 94.58
N1P1 9.94 95.33 40.52 115.42 102.81 150.72 51.09 120.49
Mean 7.00 82.55 32.56 102.07 97.45 137.75 40.44 107.53
Se 3.09ns 3.93∗ 10.21ns 14.35ns 6.22ns 24.98ns 3.52∗ 5.66∗∗
Ns,∗,∗∗,∗∗∗are not significant and significant on 5%, 1% and 0.1% levels, respectively.
Table 6
Effect of NP fertilization on percentage plant survival of seedlings and mats of EB (V. myrtillus L.) in 2011 on cultivated land in Stjørdal, Norway
N-P Seedling Mat
N0P0 87.96 100.00
N1P1 74.07 100.00
Mean 81.02 100.00
Se 2.82∗∗ 100.00ns
Ns,∗,∗∗,∗∗∗are not significant and significant on 5%, 1% and 0.1% levels, respectively.
The examination revealed that ErM fungi had colonized all plots when the trial terminated in September 2011.
Since no plots were without introduced forest soil we can’t be certain that the observed mycorrhizal colonization
was caused only by this introduction. However, the mat culture had 50 to 100% colonization at all plots but one,
which was less than 50%. The seedling plots had 50 to 75% colonization, while two plots had 50% or less. This
indicates that the seedlings had a little less colonization than the mats, which would be reasonable since the mats
were colonized with mycorrhiza. The seedlings had to be colonized by mycorrhiza present in the soil before planting
or from the strip of forest soil on the bed in which the seedlings were planted. Anyway, mycorrhiza was present and
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Table 7
Percentage colonization (Col) of ericoid mycorrhiza (ErM), DSE and basidiomycet hyphae forming ErM (Bas) in hair roots of EB seedlings and
mats on cultivated land influenced by NP fertilization in Stjørdal, Norway in 2011
NP Plant type Col% ErM% DSE% Bas%
N0P0 Seedling 50–75 67 33 0
Mat 50–75 75 25 0
N1P1 Seedling 50–75 50 25 25
Mat <50–100 40 40 20
would influence the uptake of nutrients. It is of interest that a part of the observed ErM colonization was formed by
basidiomycetous hyphae and resembled the recently described sheathed ericoid mycorrhiza [28].
4. Conclusions
In the trial A the seedlings of EB grown on agricultural land were strongly influenced by NP fertilization. Fertil-
ization with N gave stronger growth than fertilization with P, which is not surprising considering the high level of
P in soil. In spite of the high P level in soil, plants fertilized with P grew better than control when the soil was not
top-dressed. When the seedlings entered the generative phase in the third year after planting (2010), fruit number
was examined and it was clear that fertilization had positive influence on fruit number, either fertilizing with N alone
or in combination with P.
Top-dressing with natural peat had positive influence on spatial growth and interacted with fertilization so that
strong effect on spatial growth fertilizing with P without top-dressing was strongly reduced when top-dressed.
Top-dressing had no clear effect on fruit number.
In the trial B mycorrhiza was present in all treatments and would influence the uptake of nutrients. Fertilization
increased spatial growth of both seedlings (juvenile phase the two first years thereafter generative) and mats (generative
phase from the start), but there were no interactions between plant type and year or fertilization.
It could be suggested that establishing EB on cultivated land is possible since the field was managed with good
result in four years on a soil that was not ideal for EB. However, lowering pH by rotating a thick layer of natural
peat into the soil was effective, and the acid fertilizers used in the trials managed to stabilize the pH at a low level.
Domestication would probably be easier and more cost effective using a more suitable soil.
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